Abstract. PID control is one of the earliest developed control strategies. Because of its simple algorithm, good robustness and high reliability, it is widely used in industrial process control. Up to now, about 90% of the control loops have the PID structure. The actual industrial production process is often nonlinear and uncertain, and it is difficult to establish an accurate mathematical model. The dynamic decoupling control and anti-saturation design in this paper are all related to the PI controller of the current loop.
Introduction
PID control is one of the earliest developed control strategies. Because of its simple algorithm, good robustness and high reliability, it is widely used in industrial process control. Up to now, about 90% of the control loops have the PID structure [1] . The actual industrial production process is often nonlinear and uncertain, and it is difficult to establish an accurate mathematical model. It is difficult to apply the conventional PID controller to achieve the ideal control effect. In AC permanent magnet servo system, because of the change of motor parameters during long time operation, the original controller parameters cannot guarantee the performance of the system. And the constant controller parameters cannot guarantee the dynamic and steady state performance of the system at the same time, and the controller parameters are also different when the motor is required at low speed and high speed. so the self-tuning design of the PI controller is also helpful to improve the dynamic decoupling and anti-saturation design [2] . The method of parameter self-tuning of controller using fuzzy control principle is only needed to input the established rules into the processor, so that the controller can automatically adjust the parameters of the controller online according to the rules and avoid a lot of calculation. It can make the processor have enough time to make the parameter self-tuning of the current loop.
Design of Fuzzy PI Controller for Current Loop
The fuzzy controller imitates human's control strategy with the formalized human experience rule, and then drives the device to control complex industrial processes.
The basic principle of fuzzy control can be expressed in the following diagram: The fuzzy controller is the core of the control system, as shown in the part of the dashed box of Figure 1 . The control rule of the fuzzy controller is realized by the computer program. The precise value of the controlled quantity is obtained by sampling [3] , then the deviation e is obtained by comparing the value to the given value, and the deviation is fuzzed to get the fuzzy variable E. The fuzzy subset E is obtained by the corresponding fuzzy language, and then the E and fuzzy control are obtained. The fuzzy rule is synthesized by the rule R (fuzzy relation) inference [4] . In order to control the controlled object accurately, the fuzzy quantity is converted to the exact quantity by non-fuzzy processing, and then the analog control signal is converted into the analog control signal to the actuator to control the controlled object.
Fuzzy PI Controller of Current Loop
The combination of fuzzy control and PI control, which has the advantages of flexible and adaptable fuzzy control, has the characteristics of high precision of PI control, and makes the PI controller adapt to the change of the controlled object and obtain good control performance [5] . The design of this model is the current loop fuzzy PI controller, which enables it to adjust the parameters according to the state of the process. The structure of a typical fuzzy self-tuning PI control system is shown in Fig 2. The system includes a conventional PI controller and a fuzzy controller. The variation rate of deviation and deviation is used as the input of the fuzzy system. The increment value of the two PI parameters is used as the output. According to the fuzzy inference rule made in advance, the value of the PI parameter is changed online by fuzzy reasoning, thus the self-tuning of the PI parameters is realized. So that the controlled object has good dynamic and static performance, and the computation is small, and it is easy to implement [6] .
Design of Fuzzy PI Controller for Current Loop
The focus of the design is actually the design of fuzzy controller. The input language variables are E and EC, and the output variables are If the deviation and deviation rate are E and EC respectively, then the change of the control quantity given by the fuzzy controller is calculated by the rule of fuzzy inference synthesis.
By the membership degree of the fuzzy subset of E, EC and p K  and i K  , according to the membership assignment table of each fuzzy subset and the fuzzy regulation model of each parameter, the fuzzy adjustment matrix table of PI parameters is designed by fuzzy synthetic reasoning [7] . This is the core of the fuzzy control algorithm of the parameter self-tuning system, and it is stored in the program memory for query. It can greatly reduce the processing time of the self-tuning algorithm.
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Define the p K and i K parameter adjustment formulas as follows: Setting of initial value of PI controller parameters According to the engineering method, the parameter of PI controller is usually set up by zero pole cancellation method, so that the current loop is corrected to a typical type I system.
Simulation Experiment of Fuzzy PI Controller of Current Loop
Using the FIS (Fuzzy Inference System) editor provided by MATLAB fuzzy control toolbox, the simulation of the fuzzy PI controller of the current loop is carried out, and a fuzzy control based PI controller, as shown in Figure 3 , is established. After adding the current response waveform of the fuzzy PI controller, it can be seen that the dynamic tracking ability and steady state performance of the two current components have been improved after adding the parameter self-tuning PI controller based on the fuzzy control [8] .
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In the above experiments, the d axis current cannot track its given value well. The main reason is that there is a dynamic coupling between the d axis current and the q axis current in the acceleration process. The dual PI is dynamically decoupled, the anti-saturation design and the fuzzy PI controller are added to the AC permanent magnet servo system at the same time, and the simulation experiment is carried out, and the d axis current is available [9] . A great improvement has been made. See Fig 8, basically stable at 0 values. Finally, the dual PI dynamic decoupling, voltage anti saturation design and current loop fuzzy PI controller are added together in the original AC permanent magnet servo system, and the simulation experiments are carried out. Fig 9 and Fig 10 show the response waveform of d axis and q axis at a given speed of 1000r/min. Among them, Fig 9 is the current response waveform of the original system, and Fig 10 is the current response waveform of the servo system with dual PI dynamic decoupling, voltage anti saturation design and current loop fuzzy PI controller [10] . It can be seen from the graph that the speed rise time of the improved AC permanent magnet servo system is increased by 20%, and the dynamic performance of the system has been greatly improved.
Summary
The method of parameter self-tuning of several PI controllers widely used in process control is introduced. At the same time, the feasibility of these methods in the AC permanent magnet servo system is pointed out. Finally, the fuzzy control mode is obtained by comparing the fuzzy control method because its algorithm can be used in the PI controller of the current loop to realize parameter self-tuning. Then, fuzzy mathematics theory and fuzzy control principle are introduced briefly. Then, the design of current loop PI controller's parameter self-tuning is carried out. Finally, a simulation tool is used to simulate the current loop fuzzy PI controller. The simulation experiment shows that the PI controller with fuzzy parameters self-tuning is better than the unadopted robustness. The dynamic decoupling, voltage anti saturation design and the current loop fuzzy PI controller are added to the AC permanent magnet servo system. The simulation experiments show that the dynamic performance of the improved system has been greatly improved.
